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(57) Abstract 



An organic 
light-em ining device, 
comprising: a substrate 
(1); a first conductive 
layer (3) formed over 
the substrate (I); at 
least one layer (5) of a 
light-emissive organic 
material fomied over 
the first conductive layer 
(3); a barrier layer (7) 
fomied over the at least 
one organic layer (5) 
which acts to protect 
the at least one layer of 
organic material; and a 
second conductive' layer 
(9), preferably a patterned 
sputtered layer, formed 
over the barrier layer (7). 
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oRSakic light -emitting device 
and method of fabricating the same 




Background o£ the Invention 

The present invention relates to organic light -emitting devices, 
in particular patterned or pixelated organic light -emit ting 
diodes, and a method of fabricating the same. 

Organic light-emitting devices (OLED's) such as described in our 
earlier US-A-5, 247, 190 or in Van Slyke et al.'s US-A-4 , 539, 507 
have great potential for use as monochrome and multi-colour 
displays. OLED's based on semiconductive conjugated polymers are 
described in our earlier US-A-5, 247, 190, the contents of which 
are incorporated herein by reference. Principally, an OLED 
consists of an anode which injects positive charge carriers, a 
cathode which injects negative charge carriers and at least one 
organic electroluminescent layer sandwiched between the two 
electrodes. Typically, the thickness of the at least one organic 
layer is of the order of 100 nm and the electrical conductivity 
of the material of the at least one organic layer is sufficiently 
low as to avoid current spread from the overlap area between the 
cathode and the anode. Thus, light emission from the at least 
one organic layer occurs only where the cathode and the anode 
overlap and therefore pixelation and patterning is achieved 
simply by patterning the electrodes. High resolution is readily 
achieved and is principally limited only by the overlap area of 
the cathode and the anode and thus by the size of the cathode and 
the anode. Dot -matrix displays are commonly fabricated by 
arranging the cathode and the anode as perpendicular arrays of 
rows and columns, with the at least one organic layer being 
disposed therebetween. 

Low resolution dot -matrix displays can,, for example, be 
fabricated by coating at least one organic electroluminescent 
layer onto a substrate having thereon an array of indium- tin 
oxide (ITO) lines which act as an anode. A cathode comprising 
an array of lines perpendicular to those of the anode is provided 



WP 97/42666 



PCT/GB97/0i208 



2 



on the other side of the at least one organic layer. These 
cathode lines may, for example, be lines of aluminium or an 
aluminium -based alloy which can be evaporated or sputtered 
through a physical shadow mask. However, shadow masking may not 
be desirable for various reasons. In particular, there are 
significant constraints on the use of shadow masks when displays 
of large area and/or high resolution are required. In order to 
produce such electrode line arrays and other patterns of large 
area and/or high resolution one would normally have to use 
various forms of lithography. 

In order to fabricate efficient and stable OLED's with the 
desired electrical and light output characteristics great care 
must normally be taken in the design and construction of the 
interfaces between any organic layer and the electrodes. The 
particular importance of these interfaces is due to the fact that 
charge carriers should be injected efficiently from the 
electrodes into the at least one organic layer. 

Maintaining the desired electrical and light output 
characteristics of the pixels in an OLED display when 
lithographic processes are used to fabricate the electrode 
patterns, in particular where those patterns are on top of the 
at least one organic layer, is not trivial owing to the risk of 
the lithographic processes modifying and potentially damaging the 
organic layer/electrode interfaces and the vicinity. Such damage 
during lithography may originate from the photoresists, the 
developers, the etching processes (both dry and wet, negative and 
positive techniques and etch and lift-off} or the solvents used. 
It should be mentioned here that conjugated polymers are often 
deposited from and are soluble in organic or aqueous solvents. 

Plasma etching/ashing is very often used in lithography to remove 
the photoresist or residual photoresist which may not have been 
washed off by the developer. Organic electroluminescent and 
charge transporting materials would normally be damaged, modified 
and/or etched very rapidly in such dry etching/ashing processes 
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if directly exposed to the plasma. 

It is an aim of the present invention to provide an efficient 
organic electroluminescent device that has a construction which 
allows for the use of various lithographic processes to form the 
electrode on top of at least one organic layer without 
significantly changing the electrical and light output 
characteristics of the display. 

Sinmnary of the Invention 

The present invention provides an organic light -emitting device, 
comprising: a substrate; a first conductive layer formed over the 
substrate; at least one layer of a light -emissive organic 
material formed over the first conductive layer; a barrier layer 
formed over the at least one organic layer which acts to protect 
the at least one layer of organic material; and a patterned 
second conductive layer formed over the barrier layer. In one 
embodiment the second conductive layer is sputter deposited. In 
another embodiment the second conductive layer is evaporated. 

The present invention also provides an organic light -emitting 
device, comprising: a substrate; a first conductive layer formed 
over the substrate; at least one layer of a light -emissive 
organic material formed over the first conductive layer; a 
barrier layer formed over the at least one organic layer which 
acts to protect the at least one layer of organic material; and 
a sputtered second conductive layer formed over the barrier 
layer . 

In one embodiment the first conductive layer is the anode and the 
second conductive layer is the cathode. 



In another embodiment the first conductive layer is the cathode 
and the second conductive layer is the anode. 
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At least one of the two electrodes is at least semi-transparent. 
Preferably, the anode is light -transmissive. More preferably, 
the anode comprises indium-tin oxide, tin oxide or zinc oxide. 

Preferably, the anode has a thickness in the range of from 50 to 
200 nm. 

Preferably, the cathode comprises Al or an alloy thereof. 

Preferably, the first conductive layer is patterned. 

Preferably, the at least one organic layer is patterned. 

Preferably, the organic material is a conjugated polymer. 

Preferably, the thickness of the at least one organic layer is 
about 100 nm. 

Preferably, the barrier layer has a thickness in the range of 
from 1 to 10 nm. 

More preferably, the barrier layer has a thickness in the range 
of from 2 to 5 nm. 

Preferably, the sheet resistance of the barrier layer is at least 
1 MQ/square. 

Preferably, the barrier layer is a continuous layer. 

Preferably, the barrier layer comprises a dielectric. 

In one embodiment the dielectric comprises an inorganic oxide, 
preferably one of an oxide of Al, Ba, Ca, Mg, Ni, Si, Ti or Zr, 
an oxide of an Al alloy, or an oxide of Al-Li or Al-Mg. The 
oxide composition does not have to be stoichiometric. 
Preferably, the oxide is sub- stoichiometric . 



y^O 97/42666 



PCT/GB97/01208 



• 



In another embodiment the dielectric comprises a carbide, 
preferably a carbide of Hf , Mo, Nb, Ta, Ti, w or Zr. 

In a further embodiment the dielectric comprises a boride, 
preferably a boride of Cr, Mo, Nb, Ti, W or Zr. 

In a yet further embodiment the dielectric comprises a nitride, 
preferably a nitride of Ti or Zr. 

In a yet still further embodiment the dielectric comprises a 
fluoride, preferably a fluoride of Ca or Mg. 

Preferably, the substrate comprises a glass or a plastics 
material. 

The present invention further provides a method of fabricating 
an organic light -emitting device, comprising the steps of: 
forming a first conductive layer over a substrate; forming at 
"least one layer of a light -emissive organic material over the 
first conductive layer; forming a barrier layer over the at least 
one organic layer; and forming a patterned second conductive 
layer over the barrier layer; wherein the barrier layer acts to 
protect the at least one organic layer during subsequent 
processing steps. In one embodiment the second conductive layer 
is deposited by sputtering, preferably by DC magnetron or RF 
sputtering. In another embodiment the second, conductive layer 
is deposited by evaporation, preferably by resistive or electron- 
beam thermal evaporation. 

In one embodiment the step of forming the patterned second 
conductive layer comprises deposition through a shadow mask. 

In another embodiment the step of forming the patterned second 
conductive layer comprises the steps of: forming a layer of a 
photoresist over the barrier layer; patterning the layer of 
photoresist to expose regions of the barrier layer where the 
second conductive layer is to be formed; depositing a conductive 
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layer over the patterned layer of photoresist; and removing the 
regions of the conductive layer which overlie the patterned layer 
of photoresist. 

Preferably, the method further comprises, prior to the step of 
depositing the conductive layer, a plasma cleaning step to remove 
any residual photoresist • 

In a further embodiment the step of forming the patterned second 
conductive layer comprises the steps of: forming a layer of 
conductive material; forming a layer of a photoresist over the 
layer of conductive material; patterning the layer of photoresist 
to expose regions of the conductive layer; removing the exposed 
regions of the conductive layer; and removing the photoresist. 

The present invention still further provides a method of 
fabricating an organic light -emitting device, comprising the 
steps of: forming a first conductive layer over a substrate; 
forming at least one layer of a light -emissive organic material 
over the first conductive layer; forming a barrier layer over the 
at least one organic layer; and forming a sputtered second 
conductive layer over the barrier layer; wherein the barrier 
layer acts to protect the at least one organic layer during 
subsequent processing steps. In an embodiment the second 
conductive layer is deposited by DC magnetron or RF sputtering. 

In one embodiment the step of forming the patterned second 
conductive layer comprises deposition through a shadow mask. 

In another embodiment the step of forming the patterned second 
conductive layer comprises the steps of: forming a layer of a 
photoresist over the barrier layer; patterning the layer of 
photoresist to expose regions of the barrier layer where the 
second conductive layer is to be formed; depositing a conductive 
layer over the patterned layer of photoresist; and removing the 
regions of the conductive layer which overlie the patterned layer 
of photoresist . 
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Preferably, the method further comprises, prior to the step of 
depositing the conductive layer, a plasma cleaning step to remove 
any residual photoresist . 

In a further embodiment the step of forming the patterned second 
conductiviB layer comprises the steps of: forming a layer of 
conductive material; forming a layer of a photoresist over the 
layer of conductive material; patterning the layer of photoresist 
to expose regions of the conductive layer; removing the exposed 
regions of the conductive layer; and removing the photoresist. 

The present invention also extends to the use of a barrier layer 
in an organic light -emitting device which includes at least one 
layer of an organic material arranged between first and second 
conductive layers which act as the electrodes for the device, 
wherein the barrier layer acts to protect the at least one 
organic layer against subsequent processing steps. 

For the purpose of "the-invention it is important that the barrier 
layer has sufficient electrical resistance to prevent current 
spread in the device, particularly between pixels of the device, 
A thin layer of such a barrier layer, for example dielectrics 
such as metal oxides, arranged between the cathode and the 
adjacent organic layer has been found to improve the efficiency 
of OLED's as shown for example in JP-A-5-3080. 

The provision of a continuous barrier layer establishes a well 
defined interface between the upper electrode and the organic 
layer. The interface between the upper electrode and the organic 
layer can be controlled by various processes, for example dry or 
wet cleaning, to which the barrier layer is much more resistant 
than the organic layer. In the case where inorganic materials 
such as the above-mentioned metal oxides are used as the barrier 
layer, the barrier layer acts as a very efficient etch-stop. 
Edge effects at the edges of pixels, which could occur when a 
patterned electrode is directly in contact with the adjacent 
organic layer, are also reduced if not eliminated with the 
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introduction of a continuous barrier layer. 

Such methods of fabricating organic light -emitting devices 
provide devices of improved performance and stability when the 
upper electrode deposited over the organic layer is a patterned 
layer. Preferably, the organic layer is deposited by way of 
evaporation {resistive or electron-beam) or sputtering (reactive 
or non- reactive) , The preferred method, for example in the case 
where an inorganic metal oxide is used, is DC magnetron 
sputtering from a metal or alloy target in the presence of oxygen 
such that the stoichiometry can be readily controlled and the 
desired electrical properties can be achieved, RF sputtering 
from a dielectric target is also a possibility. 

Brief Description of the Drawings 

A preferred embodiment of the present invention will npw be 
described hereinbelow by way of example only with reference to 
the accompanying drawings, in which: 

Figure l illustrates an organic light -emitting device in 
accordance with a preferred embodiment of the present invention; 
and 

Figure 2 illustrates the optical absorption characteristics of 
poly (p-phenylene vinylene) both with and without a thin 
aluminium- lithium oxide coating layer as function of etch- time 
in an argon-oxygen plasma. 

Detailed Description of a Preferred Embodiment 

The organic light -emitting device comprises a substrate 1, an 
anode 3 formed over the substrate 1, a layer 5 of a light- 
emissive organic material formed over the anode 3, a barrier 
layer 7 formed over the organic layer 5, and a cathode 9 formed 
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over the barrier layer 7. 

The substrate 1 is a piece of glass, preferably having a 
thickness of less than 1.1 mm. The anode 3 is a patterned array 
of lines, preferably of indium- tin oxide having a thickness of 
from 50 to about 200nm. The organic layer 5 is a layer of 
poly (p-phenylene vinylene) (PPV) , an organic conjugated polymer 
as described in our earlier US-A-5, 247, 190, The organic layer 
5 preferably has a thickness of the order of lOOnm. The barrier 
layer 7 is a continuous layer of aluminium- lithium oxide of about 
3.5nm in thickness. The cathode 9 is a patterned array of lines. 

The organic light -emitting device is fabricated in the following 
way. The substrate is coated with a thin layer of a conductive 
material, preferably indium- tin oxide of from about 5 0 to about 
200nm, The conductive material is patterned as an array of lines 
by way of standard wet -chemical etching. The etched structure 
is then, after cleaning, overcoated with a layer of poly(p- 
phenylene vinylene) having a thickness of about lOOnm. This 
structure is then overcoated with a continuous layer of 
aluminium- lithium oxide by DC magnetron sputtering from an 
aluminium- lithium target with a lithium content of from about 3 
to about 5% in the aluminium to a thickness of typically 3.5 nm. 
Oxygen is mixed into the argon sputter gas in a ratio of about 
4 (argon) to 1 (oxygen) in order to oxidise the aluminium- lithium 
while it is deposited on the substrate 1. It has been found that 
the exact stoichiometry of the oxide, although important for 
achieving efficient devices, is not crucial for the purpose of 
the present invention, namely to protect the organic layer from 
subsequent processing steps and act as an etch stop, as long as 
the sheet resistance of the barrier layer 7 is low enough to 
prevent intolerable current spread between neighbouring lines of 
the cathode 9. In this context intolerable here means that 
neighbouring pixels which are in the off state are not 
accidentally switched on due to the spread of current . 

The patterned cathode 9 can be formed on the barrier layer 7 by 
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various means, three examples of which are given below. 

Firstly, the patterned cathode 9 can be formed by evaporation or 
sputtering through a shadow mask consisting of closely spaced 
fine lines which is placed in close proximity to the structure 
during deposition. 

Secondly, standard lift-off photolithography can be employed to 
form the patterned cathode 9. Here, photoresist is coated the 
over the barrier layer 7 and then patterned/exposed and developed 
such that the photoresist is washed away where the cathode 9 is 
to be formed. A short argon-oxygen plasma clean can be used to 
clean off residual photoresist from the barrier layer 7. It has 
been found that neither this wet process nor the plasma clean 
damage the thin barrier layer 7 or the underlying organic layer 
5 . The material of the cathode 9 is then evaporated or sputtered 
over the etched area and the photoresist with the overcoated 
material is washed off (lif ted-off) . 

The etch-stop property of a thin aluminium- lithium oxide layer 
is shown in Figure 2 - The traces in the top section of Figure 
2 show the optical absorption characteristics of an uncoated film 
of poly (p-phenylene vinylene) on a glass substrate before (toO. 
sec) and after various periods of exposure to an argon-oxygen dry 
plasma etch. The poly (p-phenylene vinylene) is etched away 
significantly, in particular after prolonged exposure to the 
plasma. The traces in the bottom section of Figure 2 show an 
equivalent film of poly (p-phenylene vinylene) on a glass 
substrate but with an overlying layer of about 3.5nm of 
aluminium- lithium oxide deposited thereon by reactive DC 
magnetron sputtering from an aluminium- lithium target. The 
traces show very clearly that the thin oxide layer is very 
efficient in protecting the poly (p-phenylene vinylene) layer from 
the plasma etch, i.e., the oxide layer acts as an etch-stop. 

Thirdly, standard etch photolithography can be employed to form 
the patterned cathode 9. Here, the barrier layer 7 is coated 
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with a continuous layer of the material for the cathode 9. Then, 
a photoresist is spun on top, patterned/exposed and developed. 
On the areas where there should be no cathode material the layer 
is etched away (dry or wet-chemical etching) and finally, after 
etching is complete, the residual photoresist is removed. 

In all these cases, the continuous thin barrier layer acts as a 
protective layer and etch stop during the patterning process. 
It also acts as a buffer layer to reduce or eliminate possible 
edge effects at the edges of the pixels since these edges are not 
in direct contact with the organic layer. Without the barrier 
layer there would be a much greater risk of damaging the at least 
one organic layer and the interface with the top electrode where 
the top electrode is, for example, patterned to fabricate dot- 
matrix displays. Furthermore, the thin barrier layer also 
protects the organic layers to some degree against the ingress 
of, for example, oxygen and moisture, where no thick cathode 
layer is present . 



It will be Tinders tood by a person skilled in the art that the 
present invention is not limited to the described embodiment but 
can be modified in many different ways within the scope of the 
invention as defined in the appended claims. 
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1. An organic light -emitting device, comprising: 
a substrate; 

a first conductive layer formed over the substrate; 

at least one layer of a light -emissive organic material 
formed over the first conductive layer; 

a barrier layer formed over the at least one organic layer 
which acts to protect the at least one layer of organic material; 
and 

a patterned second conductive layer formed over the barrier 



2. An organic light -emitting device according to claim 1, 
wherein the first conductive layer is the anode and the second 
conductive layer is the cathode. 

3. An organic light -emitting device according to claim 1, 
wherein the first conductive layer is the cathode and the second 
conductive layer is the anode. 

4. An organic light -emitting device according to claim 2 or 3 , 
wherein the anode is light -transmissive. 

5. An organic light -emitting device according to claim 4, 
wherein the anode comprises indium- tin oxide, tin oxide or zinc 
oxide . 

6. An organic light -emitting device according to any of claims 
2 to 5, wherein the anode has a thickness in the range of from 
50 to 200 nm. 

7. An organic light -emitting device according to any of claims 
2 to 6, wherein the cathode comprises Al or an alloy thereof. 

8. An organic light-emitting device according to any of claims 
1 to 7, wherein the first conductive layer is patterned. 



layer. 
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9. An organic light -emitting device according to any of claims 
1 to 8, wherein the at least one organic layer is patterned. 

10. An organic light-emitting device according to any of claims 
1 to 9, wherein the organic material is a conjugated polymer. 

11. An organic light -emit ting device according to any of claims 
1 to 10, wherein the thickness of the at least one organic layer 
is about 100 nm. 

12. An organic light -emitting device according to any of claims 
1 CO 11, wherein the barrier layer has a thickness in the range 
of from 1 to 10 nm. 



13. An organic light -emit ting device according to claim 12, 
wherein the barrier layer has a thickness in the range of from 
2 to 5 nm. 

14.. An organic light -emit ting device according to any of claims 
1 to 13, wherein the sheet resistance of the barrier layer is at 
least 1 MQ/sguare. 

15. An organic light -emit ting device according to any of claims 
1 to 14, wherein the barrier layer is a continuous layer. 

16. An organic light -emitting device according to any of claims 
1 to 15, wherein the barrier layer comprises a dielectric. 

17. An organic light-emitting device according to claim 16, 
wherein the dielectric comprises an inorganic oxide, preferably 
one of an oxide of Al, Ba, Ca. Mg, Ni, si, Ti or Zr, an oxide 
of an Al alloy, or an oxide of Al-Li or Al-Mg. 

18. An organic light -emitting device according to claim 17, 
wherein the oxide is sub-stoichiometric. 



19. An organic light -emitting device according to claim 16, 
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wherein the dielectric comprises a carbide « preferably a carbide 
of Hf , Mo, Nb, Ta, Ti, W or Zr. 

20. An organic light -emit ting device according to claim 16, 
wherein the dielectric comprises a boride, preferably a boride 
of Cr, MO/ Nb, Ti, W or Zr. 

21. An organic light -emitting device according to claim 16, 
wherein the dielectric comprises a nitride, preferably a nitride 
of Ti or Zr. 

22. An organic light -emitting device according to claim 16, 
wherein the dielectric comprises a fluoride, preferably a 
fluoride of Ca or Mg. 

23. An organic light-emitting device according to. any of claims 
1 to 22, wherein the second conductive layer is sputter 
deposited. 

24. An organic light -emitting device according to any of claims 
1 to 22, wherein the second conductive layer is evaporated. 

25. An organic light-emitting device according to any of claims 
1 to 24, wherein the substrate comprises a glass or a plastics 
material . 

26. A method of fabricating an organic light -emitting device, 
comprising the steps of : 

forming a first conductive layer over a substrate; 
forming at least one layer of a light -emissive organic 
material over the first conductive layer; 

forming a barrier layer over the at least one organic layer; 

and 

forming a patterned second conductive layer over the barrier 
layer; 

wherein the barrier layer acts to protect the at least one 
organic layer during subsequent processing steps. 
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27. A method of fabricating an organic light -emitting device 
according to claim 26, wherein the second conductive layer is 
deposited by sputtering, preferably by DC magnetron or RF 
sputtering. 

28. A method of fabricating an organic light-emitting device 
according to claim 26, wherein the second conductive layer is 
deposited by evaporation, preferably by resistive or electron- 
beam thermal evaporation. 

29. A method of fabricating an organic light -emitting device 
according to any of claims 26 to 28, wherein the step of forming 
the patterned second conductive layer comprises deposition 
through a shadow mask. 

30. A method of fabricating an organic light -emitting device 
according to any of claims 26 to 28, wherein the step of forming 
the patterned second conductive layer comprises the steps of: 

"forming a layer of a photoresist "over the barrier layer; 
patterning the layer of photoresist to expose regions of 
the barrier layer where the second conductive layer is to be 
formed ; 

depositing a conductive layer over the patterned layer of 
photoresist; and 

removing the regions of the conductive layer which overlie 
the patterned layer of photoresist. 

31. A method of fabricating an organic light-emitting device 
according to claim 30, further comprising, prior to the step of 
depositing the conductive layer, a plasma cleaning step to remove 
any residual photoresist. 

32. A method of fabricating an organic light-emitting device 
according to any of claims 26 to 28, wherein the step of forming 
the patterned second conductive layer comprises the steps of: 

forming a layer of conductive material; 

forming a layer of a photoresist over the layer of 
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conductive material; 

patterning the layer of photoresist to expose regions of the 
conductive layer; 

removing the exposed regions of the conductive layer; and 
removing the photoresist. 

33. A method of fabricating an organic light-emitting device 
according to any of claims 26 to 32, wherein the first conductive 
layer is the anode and the second conductive layer is the 



34. A method of fabricating an organic light -emitting device 
according to any of claims 26 to 32, wherein the first conductive 
layer is the cathode and the second conductive layer is the 
anode . 

35. A method of fabricating an organic light -emitting device 
according to claim 33 or 34, wherein the anode is light- 
transmissive . 

36. A method of fabricating an organic light -emitting device 
according to claim 35, wherein the anode comprises indium-tin 
oxide, tin oxide or zinc oxide. 

37. A method of fcJoricating an organic light -emitting device 
according to any of claims 33 to 36, wherein the anode has a 
thickness in the range of from 50 to 200 nm. 

38. A method of fabricating an organic light -emitting device 
according to any of claims 3 3 to 37, wherein the cathode 
comprises Al or an alloy thereof. 

39. A method of fabricating an organic light-emitting device 
according to any of claims 26 to 38, wherein the first conductive 
layer is patterned. 

40. A method of fabricating an organic light -emitting device 



cathode . 
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according to any of claims 26 to 39, wherein the at least one 
organic layer is patterned. 

41. A method of fabricating an organic light-emitting device 
according to any of claims 26 to 40, wherein the organic material 
is a conjugated polymer. 

42. A method of fabricating an organic light -emitting device 
according to any of claims 26 to 41, wherein the thickness of the 
at least one organic layer is about 100 nm. 

43. A method of fabricating an organic light -emitting device 
according to any of claims 26 to 42, wherein the barrier layer 
has a thickness in the range of from 1 to 10 nm. 

44. A method of fabricating an organic light -emit ting device 
according to claim 43, wherein the barrier layer has a thickness 
in the range of from 2 to 5 nm. 

45. A method of fabricating an organic light -emitting device 
according to any of claims 26 to 44, wherein the sheet resistance 
of the barrier layer is at least 1 MQ/square. 

46. A method of fabricating an organic light -emitting device 
according to any of claims 26 to 45, wherein the barrier layer 
comprises a dielectric. 

47. A method of fabricating an organic light -emitting device 
according to claim 46, wherein the dielectric comprises an 
inorganic oxide, preferably one of an oxide of Al, Ba, Ca, Mg, 
Ni,.Si, Ti or Zr, an oxide of an Al alloy, or an oxide of Al-Li 
or Al-Mg. 

48. A method of fabricating an organic light -emitting device 
according to claim 47, wherein the oxide is sub- stoichiometric. 

49. A method of fabricating an organic light -emitting device 
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according to claim 46, wherein the dielectric comprises a 
carbide, preferably a carbide of Hf , Mo, Nb, Ta, Ti, W or 2r. 

50. A method of fabricating an organic light -emitting device 
according to claim 46, wherein the dielectric comprises a 
boride, preferably a boride of Cr, Mo, Nb,. Ti, W or 2r. 

51. A method of fabricating an organic light-emitting device 
according to claim 46, wherein the dielectric comprises a 
nitride, preferably a nitride of Ti or 2r, 

52. A method of fabricating an organic light -emit ting device 
according to claim 46, wherein the dielectric comprises a 
fluoride, preferably a fluoride of Ca or Mg. 

53. An organic light -emitting device, comprising: 
a substrate; 

a first conductive layer formed over the substrate; 

at least one layer of a light -emissive organic material 
formed over the first conductive layer; 

a barrier layer formed over the at least one organic layer 
which acts to protect the at least one layer of organic material; 
and 

a sputtered second conductive layer formed over the barrier 



54. An organic light -emit ting device according to claim 53, 
wherein the first conductive layer is the anode and the second 
conductive layer is the cathode. 

55. An organic light -emitting device according to claim 53, 
wherein the first conductive layer is the cathode and the second 
conductive layer is the anode. 



layer. 



56. An organic light -emitting device according to claim 54 or 
55, wherein the anode is light-transmissive • 
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57. An organic light -emitting device according to claim 56, 
wherein the anode comprises indium- tin oxide, tin oxide or zinc 
oxide . 

58. An organic light-emitting device according to any of claims 
54 to 57, wherein the anode has a thickness in the range of from 
50 to 200 nm, 

59. An organic light -emitting device according to any of claims 
54 to 58, wherein the cathode comprises Al or an alloy thereof. 

60. An organic light -emitting device according to any of claims 
53 to 59, wherein the first conductive layer is patterned. 

61. An organic light-emitting device according to any of claims 
53 to 60, wherein the second conductive layer is patterned. 

62. An organic light -emitting device according to any of claims 
S3 to 61, wherein the at least one organic layer is patterned. 

63. An organic light -emitting device according to any of claims 
53 to 62, wherein the organic material is a conjugated polymer. 

64. An organic light -emitting device according to any of claims 
53 to 63, wherein the thickness of the at least one organic layer 
is about 100 nm. 

65. An organic light -emit ting device according to any of claims 
53 to 64, wherein the barrier layer has a thickness in the range 
of from 1 to 10 nm. 

66. An organic light-emitting device according to claim 65, 
wherein the barrier layer has a thickness in the range of from 
2 to 5 nm. 



67. An organic light -emit ting device according to any of claims 
53 to 66, wherein the sheet resistance of the barrier layer is 
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at least 1 MQ/square. 

68. An organic light -emitting device according to any of claims 
53 to 67, wherein the barrier layer is a continuous layer, 

69. An organic light-emitting device according to any of claims 
S3 to 68, wherein the barrier layer comprises a dielectric, 

70. An organic light -emitting device according to claim 69, 
wherein the dielectric comprises an inorganic oxide, preferably 
one of an oxide of Al, Ba, Ca, Mg, Ni, Si, Ti or Zr, an oxide 
of an Al alloy, or an oxide of Al-Li or Al-Mg. 

71. An organic light -emitting device according to claim 70, 
wherein the oxide is sub - stoichiometric . 

72. An organic light -emitting device according to claim 69, 
wherein the dielectric comprises a carbide, preferably a carbide 
of Hf, Mo, Nb, Ta, Ti, W or Zr. 

73. An organic light -emitting device according to claim 69, 
wherein the dielectric comprises a boride, preferaUbly a boride 
of Cr, Mo, Nb, Ti, W or Zr. 

74. An organic light-emitting device according to claim 69, 
wherein the dielectric comprises a nitride, preferably a nitride 
of Ti or Zr. 

75. An organic light -emitting device according to claim 69, 
wherein the dielectric comprises a fluoride, preferably a 
fluoride of Ca or Mg. 

76. An organic light-emitting device according to any of claims 
53 to 75, wherein the substrate comprises a glass or a plastics 
material . 



77. A method of fabricating an organic light -emitting device. 
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comprising the steps of: 

forming a first conductive layer over a substrate; 
forming at least one layer of a light -emissive organic 

material over the first conductive layers- 
forming a barrier layer over the at least one organic layer; 

and 

forming a sputtered second conductive layer over the barrier 
layer; 

wherein the barrier layer acts to protect the at least one 
organic layer during subsequent processing steps. 

78. A method of fabricating an organic light -emitting device 
according to claim 77, wherein the second conductive layer is 
deposited by DC magnetron or RF sputtering. 

79. A method of fabricating an orgauiic light -emitting device 
according to claim 77 or 78, wherein the second conductive layer 
is patterned. 

80. A method of fabricating an organic light-emitting device 
according to claim 79, wherein the step of forming the patterned 
second conductive layer comprises deposition through a shadow 
mask . 

81. A method of fabricating an organic light -emitting device 
according to claim 79, wherein the step of forming the patterned 
second conductive layer comprises the steps of: 

forming a layer of a photoresist over the barrier layer; 

patterning the layer of photoresist to expose regions of 
the barrier layer where the second conductive layer is to be 
formed; 

depositing a conductive layer over the patterned layer of 
photoresist; and 

removing the regions of the conductive layer which overlie 
the patterned layer of photoresist. 

82. A method of fabricating an organic light -emitting device 
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according to claim 81, further comprising, prior to the step of 
depositing the conductive layer, a plasma cleaning step to remove 
any residual photoresist. 

83. A method of fabricating an organic light -emit ting device 
according to claim 19, wherein the step of forming the patterned 
second conductive layer comprises the steps of: 

forming a layer of conductive material; 

forming a layer of a photoresist over the layer of 
conductive material; 

patterning the layer of photoresist to expose regions of the 
conductive layer; 

removing the exposed regions of the conductive layer; and 

removing the photoresist . 

84. A method of fabricating an organic light ^emitting device 
according to any of claims 77 to 83, wherein the first conductive 
layer is the anode and the second conductive layer is the 
cathode . 

85. A method of fabricating an organic light -emitting device 
according to any of claims 77 to 83, wherein the first conductive 
layer is the cathode and the second conductive layer is the 
anode . 

86. A method of fabricating an organic light -emit ting device 
according to claim 84 or 85, wherein the anode is light- 
transmissive . 

87. A method of fabricating an organic light -emitting device 
according to claim 86, wherein the anode comprises indium- tin 
oxide, tin oxide or zinc oxide. 



88. A method of fabricating an organic light -emitting device 
according to any of claims 84 to 87, wherein the anode has a 
thickness in the range of from 50 to 200 nm. 
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89. A method of fabricating an organic light -emit ting device 
according to any of claims 84 to 88, wherein the cathode 
comprises Al or an alloy thereof, 

90. A method of fabricating an organic light-emitting device 
according to any of claims 77 to 89, wherein the first conductive 
layer is patterned. 

91. A method of fabricating an organic light -emitting device 
according to any of claims 77 to 90, wherein the at least one 
organic layer is patterned. 

92. A method of fabricating an organic light-emitting device 
according to any of claims 77 to 91, wherein the organic material 
is a conjugated polymer. 

93 . A method of fabricating an organic light -emit ting device 
according to any of claims 77 to 92, wherein the thickness of the 
at least one organic layer is about 100 nih. 

94. A method of fabricating an organic light-emitting device 
according to any of claims 77 to 93, wherein the barrier layer 
has a thickness in the range of from 1 to 10 nm. 

95. A method of fabricating an organic light -emitting device 
according to claim 94, wherein the barrier layer has a thickness 
in the range of from 2 to 5 nm. 

96. A method of fabricating an organic light-emitting device 
according to any of claims 77 to 95, wherein the sheet resistance 
of the barrier layer is at least 1 MQ/square. 

97. A method of fabricating an organic light -emitting device 
according to any of claims 77 to 96, wherein the barrier layer 
comprises a dielectric. 

98. A method of fabricating an organic light -emitting device 
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according to claim 97, wherein the dielectric comprises an 
inorganic oxide, preferably one of an oxide of Al, Ba, Ca, Mg, 
Ni, Si, Ti or Zr, an oxide of an Al alloy, or an oxide of Al-Li 
or Al-Mg. 

99. A method of fabricating an organic light-emitting device 
according to claim 98, wherein the oxide is sub- stoichiometric . 

100. A method of fabricating an organic light-emitting device 
according to claim 97, wherein the dielectric comprises a 
carbide, preferaJaly a carbide of Hf , Mo, Nb, Ta, Ti, W or Zr. 

101. A method of fabricating an organic light -emitting device 
according to claim 97, wherein the dielectric comprises a 
boride, preferably a boride of Cr, Mo, Nb, Ti, W or Zr. 

102. A method of fabricating an organic light-emitting device 
according to claim 97, wherein the dielectric comprises a 
nitride, preferably a nitride of Ti or Zr. 

103. A method of fabricating an organic light-emitting device 
according to claim 97, wherein the dielectric comprises a 
fluoride, preferably a fluoride of Ca or Mg. 

104. Use of a barrier layer in an organic light -emitting device 
which includes at least one layer of an organic material arranged 
between first and second conductive layers which act as the 
electrodes for the device, wherein the barrier layer acts to 
protect the at least one organic layer against subsequent 
processing steps. 

105. An organic light -emit ting device substantially as 
hereinbefore described with reference to the accompanying 
drawings • 

106. A method of fabricating an organic light -emitting device 
substantially as hereinbefore described with reference to the 
accompanying drawings. 



wo 97/426d6 



1/2 



PCT/GB97/012O8 




SUBSTITUTE SHEET (RULE 26) 



wo 97/42666 



PCT/GB97/01208 



2/2 



WAVELENGTH ( nm ) 
(i50 500 550 



PLAIN 1=0 sec 
PLAIN t =12 sec 
•PLAIN t = (.2 sec 
-PLAIN t=262sec 




600 650 



^OXiOE t=Osec 
♦OXIDE t=12sec 
♦OXIDE t=(.2sec 
♦OXIDE t=262sec 



III ■ n ■ tfii 



450 500 550 
WAVELENGTH (nm) 

FIG. 2 



600 650 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OF SUBJI 

IPC 6 HSl 151/20 



TroiL27 



Inter '>nal Appltcatian No 

PCT^E^97/01208 



1L27/15 



According to International Patent QaaiiGcation (IPC) or to bolh national clAcification and IPC 



B. FIELDS SEARCHED 


Minimum documentation searched (dasirication system followed by dasaflcaoon symbols) 

IPC 6 HOIL 


Documentation searched other than minimum documentation to the extent that such documents arc included in the fields searched 


Electronic < 


data tiase consulted during the unemational seard) (name of data base and. where practical, search tenns used) 




C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Catefory * 


Citation of document, with indication, where appropnate, of the relevant passages 


Relevant to claim No. 


A 


PATENT ABSTRACTS OF JAPAN 

vol. 017, no. 257 (E-1368), 20 May 1993 

& JP 05 003080 A (IDEMITSU KOSAN CO LTD). 

8 January 1993, 

cited in the application 

see abstract 


1.2. 

15-17. 

26.33. 

46.47. 

53.54, 

69.76. 

77.84 


A 


EP 0 349 265 A (EASTMAN KODAK CO) 3 

January 1998 

see abstract; figure 1 


1.26.53. 
77.104 


A 


EP Q 550 063 A (EASTMAN KODAK CO) 7 July 
1993 

see page 2, line 40-45 
see page 6, line 47-52 
see page 30, line 18-23; figures 


1.26,53. 
77.104 






-/- 




1 yj Further documents are Usicd in tfM continuation of bos C. 


jX 1 patent (anuly nxmbers are listed in annex. 


* Special categories of dted documents : 

*A* document defining die general «utc of the ait which is not 
considered to be of partictdar rdcvanec 

*E* earlier docu^Mnt but putalishcd on or after the intcniatiooal 
filing date 

*L* docwncnt wMch may throw doubts on priohtycUim(s) or 
which is a ted to esublish the publication date of another 
dtation or other ipedal leaaon (as specified) 

'O* document refcning to an oral disdosurc, use, odiitaition or 
other mesns 

'P* document p«ifalished prior to the iMcmational filing dais but 
later than the priority date daimed 


"T" later document publitfied after the international filing date 
or priority date and not in conflict with the application but 
otcd^to undcfstand the principle or theory undcriying the 

*X* document of particular rdevanee; the claimed inventm 
cannot be consdcred novel or cannot be conadered to 
involve an inventive step wlien the document is taken alone 

*Y' document of particular relevance; the daimcd invention 
cannot be consdered to involve an inventive step urhen the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a penon stalled 
in the art. 

'A* document member of the same patnt family 


Date of the s 


iciual compiclion of the international search 


Date of mailing of the international ta 


tfch r^iort 


5 August 1997 


12.08.97 




Name and m 


ailing addrca of the ISA 

European Patent Office, P.8. S«t8 Patendaaa 2 
NL - 3380 HV Riiswiik 
Td. 3I>70) 340-3040. Tx. 31 6SI cpo i^. 
Fa3B(-» 31*70) 340-3016 

in fMMM^ — ■ ' Mt-^ lAMm 


Authonzcd oflleer 

Oe Laere, A 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 


Incr :onal Applicabon No 

PCT/G^^^/ulZUo 


C^ContinuAQon) DOCUMENTS CONSf^^D TO BE RELEVANT 


CaUgory * 


Ciution of document, with mdicaUon. where appropiiate. of the relevmt passates 1 


Relevant to claim No. 


A 


US 4 670 355 A (MATSUDAIRA TAKEO) 2 June 
1987 

see abstract; figures 
see column 4, line 16-23 


1.26.53. 
77.104 



Fem PCT/ISA/aiO (ceotiniMiiea ef Mmd fhMt) <iuiy im) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Infamution on patent family nicn b c K 



Patent document 
cited in search report 



Publication 
date 



PC 



ioaal Application No 

B 97/01208 



Patent family 
mcmber(s) 



Publication 



EP 0349265 A 
EP 0556063 A 



03-01-90 
07-07-93 



JP 2066873 A 



US 5294870 A 
CA 2085446 A 
DE 69217471 0 
JP 5258860 A 



06-03-90 



15-03-94 
01-07-93 
27-03-97 
08-10-93 



US 4670355 A 



02-05-87 



JP 60182692 A 



18-09-85 



Feraa PCT/ISA/aiO ipttmt family 



